The barium hydrogen phosphate (BHP) precipitate was induced using enzymes in the Bacillus subtilis reproduction and structure, morphology and thermal properties of the barium hydrogen phosphate precipitate were characterized by Fourier transform infrared spectroscopy (FTIR), energy dispersive X-ray spectroscopy (EDS), X-ray techniques (XRD), scanning electron microscope (SEM), thermogravimetric-differential scanning calorimetry (TG-DSC) analysis. There is no obvious difference in the composition and structure but the diffraction intensity. Morphology of BHP via microbiological precipitation differs from chemical and biomimetic process, and its brick-like shape is observed. Compared with chemical synthesis, there are bigger total weight-loss (7.47%) and lower decomposition or melting points (355.5°C) of BHP by microbiological precipitation, possibly caused by organic matrices.
INTRODUCTION
Barium hydrogen phosphate (BHP), as one of alkaline earth phosphates, has been widely investigated due to their applications in different fields such as bioceramics, ionic conductivity, ferroelectrics, luminescence, metal-doped, and corrosion protection of metal alloys [1] [2] [3] [4] [5] . There are a lot of synthetic process to prepare barium hydrogen phosphate, including gel method [6] , electrochemical technique [7] , hydrothermal synthesis [8] , and chemical precipitation using H 3 PO 4 or P 4 O 10 in the presence of a base [9] [10] [11] . From all these methods, the desired material can be obtained in single crystals and powder form in bulk.
Synthesis of inorganic materials with special shape and structure has been attracted extensive interest by biologists, chemists, and material scientists. By biomimetic process, scientists have used organic matrix as a new class of additives to control morphology or size of inorganic materials, for example, Wang and Yu [12, 13] utilize organic templates to tailor the morphology of barium hydrogen phosphate, and give a variety of crystalline structure. Therefore, organic templates are able to regulate size, morphology, solidstate chemical reactions process of synthesizing particles [14] [15] [16] [17] . In recent years, bio-phosphate minerals (microbial-induced phosphate precipitation) are successfully prepared and systematically studied by Qian et al [18] [19] [20] [21] [22] . Microbial-induced deposition phosphate is similar with microbe-induced calcite precipitation (MICP), and which can be applied to some actual engineering fields, for example, treatment of sandy soil foundation, remediation of heavy metals in contaminated soil, etc [18] [19] [20] [21] [22] .
In this paper, we have applied different methods, which contain the chemical, microbial and biomimetic process, to synthesize barium hydrogen phosphate. Its structure and morphology are characterized by Fourier transform infrared spectroscopy (FTIR), energy dispersive X-ray spectroscopy (EDS), X-ray techniques (XRD), scanning electron microscope (SEM), and their results are also analyzed. The morphology, FTIR spectra, and TG-DSC of barium hydrogen phosphate by microbiological precipitation were compared with chemical synthesis.
EXPERIMENTAL

Chemicals
All raw materials were of analytically pure grade and used without further purification. And Deionized water was self-made.
Sample preparations
Chemical synthesis of BHP-1: K 2 HPO 4 •3H 2 O (20mM) was completely dissolved in a flask bottle with 200ml water. 20mM of BaCl 2 ·2H 2 O was added to the above solution. After stirring for 2 min, the mixed solution was allowed to stand for 24 h at an ambient temperature of 26±2 °C. The products were filtrated and washed three times with deionized water and ethanol and then dried at 66±2 °C for 24 h. The chemical sample was collected.
Microbiological precipitation of BHP-2: Cultivation of Bacillus subtilis was conducted in a medium containing 3g/L beef extract, 5g/L peptone and 1g/L sodium chloride. The microbe culture with OD 600 value of 1.69 and enzyme activity value of 0.23 mmol/(L min) was used in this study. Then, harvested microorganisms were kept in a refrigerator at 4 °C for stock prior to use. 20mM of phosphate monoester was dissolved in a petri dish with 30ml water, and the pH was adjusted to 9.0 using 18% HCl solution. Added the solution to 200ml of bacteria solution, and it was allowed to stand under static conditions for 72 hours at 30±2 °C in an oven. As the same procedure mentioned in the "Chemical Method" section, the microbial sample was obtained.
Biomimetic synthesis of BHP-3 and BHP-4: 20mM of K 2 HPO 4 •3H 2 O was completely dissolved in a flask bottle with 200ml mixed solution of Bacillus subtilis and phosphate monoester, and Bacillus subtilis solution, respectively. As the same procedure mentioned in the "Chemical Method" section, two samples were also obtained.
2.3 Characterization X-ray techniques (XRD) (Bruker Company, Germany) analysis was carried out on sample at room temperature by a D8-Discover X diffraction meter (40kv, 40mA) with Cu (λ=1.5406Å) irradiation at the rate of 0.020s/step in the range of 5-90˚. Fourier transform infrared spectroscopy (FTIR) spectra of the samples were recorded using a Nicolet 5700 spectrometer by the KBr pellet technique in the range of 405-4000 cm -1 . Scanning electron microscopy (SEM, FEI Company, Netherlands, operating voltage 20 kV) with a Genesis 60S energy dispersive X-ray spectroscopy (EDS) spectroscopy system was used to conduct morphological studies and to measure the elemental compositions of the samples. Thermogravimetric-differential scanning calorimetry (TG-DSC) analysis was done between room temperature and 700°C at a heating rate of 10 degree/min using a thermoanalyzer (STA449 F3, Netzsch Company, Germany).
RESULTS AND DISCUSSION
By Comparing BHP of microbial precipitation which is taken as a more complicated process with chemical and biomimetic synthesis. In the process of microbial precipitation, Bacillus subtilis can produce alkaline phosphatase (EC 3.1.3.1) which constantly hydrolyzed phosphate monoester in water, and obtain PO 4 3-and various alcohols [23, 24] . All PO 4 3-were changed into HPO 4 2-because of the weakly acidic solution of BaCl 2 ·2H 2 O, and barium hydrogen phosphate eventually exist in the mixed solution of Bacillus subtilis and phosphate monoester. The FTIR spectra is effectively used to identify the functional groups of the samples. The FTIR spectra of BHP-1 and BHP-2 is displayed in the Fig.  1 . The FTIR spectrum of BHP-1, the band located at 2651.94 cm -1 is assigned the earlier to interionic Ba…O phonon bands [11, 25] An elemental analysis of the samples is performed using EDS to confirm the presence of elements O, P and Ba in BHP-1, BHP-2, BHP-3 and BHP-4 sample (Fig. 2) . XRD patterns of BHP-1, BHP-2, BHP-3 and BHP-4 are presented in Fig. 3 . Fig. 3 Fig. 4 a shows that the morphology of BHP-1 particles is regularly, irregularly quadrilateral box with a relatively smooth surface is observed. A large number of particles are reunited with each other forming big particles flower-like. Fig. 4 b is the image of BHP-2 particles, and debris of small particles on the surface of quadrilateral box is observed. Morphology likes brick and the length is nearly the width twice. However, when K 2 HPO 4 •3H 2 O is dissolved in the mixed solution of Bacillus subtilis and phosphate monoester, particles morphology is similar with BHP-1, as show in Fig. 4 c. Fig. 3 d shows that the morphology of BHP-4 particles is the irregularly quadrilateral box with a rough surface is observed. And the size of particles is nonuniform, which has diameter ranges from 5 to 10 µm. DSC-TG curves of BHP-1 and BHP-2 are displayed in Fig. 5 . From the results, it is observed that DSC curves show endothermic peaks at 470.8°C, 355.5°C for BHP-1, BHP-2, respectively. These values can be considered as the decomposition or melting points of the materials. From the results, it is noticed that BHP-1 have more thermal stability than BHP-2 and it may be due to decrease in bond energy caused by containing a small amount of organic matrix. The TG curves of BHP-1 indicate that maximum weight loss occurs in the temperature range room temperature to 700°C and with weight-loss of 4.94% which is due to the decomposition of the samples. Over the same as temperature ranges of BHP-1, the TG curve of BHP-2 shows continuous weight-loss of 7.47%, which does not consist with the weight-loss of BHP-1. The experimental DSC-TG of BHP-1 results obtained in this work is found to be matched with reported in the literature [11] .
CONCLUSIONS
Results of this research provide a new method to synthesize special shape and size BHP. Chemical composition of BHP by microbiological, chemical, biomimetic precipitation can be well characterized by FTIR, EDS, XRD. Microbiological precipitation of BHP has quadrilateral crystalline structure which is similar with chemical and biomimetic process, and its decomposition or melting points is lower than chemical synthesis, possibly caused by organic matrices. 
